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Introduction: Brain-computer interfaces (BCIs) can be used to control neuroprostheses of spinal cord injured 
(SCI) persons. A neuroprosthesis can restore different movement functions (e.g., hand open/close, 
supination/pronation etc.), and requires a BCI with a sufficiently high number of classes. However, sensorimotor 
rhythm-based BCIs can often only provide less than 3 classes, and new types of BCIs need to be developed. 
Since a couple of years, a new EEG feature has evolved: low-frequency time-domain signals. For example 
movement trajectories [1] and movement directions [2] were decoded using this feature. In the present study, we 
investigated whether low-frequency time-domain signals can also be used to classify several (executed) 
hand/arm movements of the same limb. A BCI relying on the imagination of such movements may be used to 
control a neuroprosthesis more naturally and provide a higher number of classes. 
Material, Methods and Results: We recorded the electroencephalogram (EEG) using 61 channels and movement 
data from 15 healthy subjects using g.USBamps (g.tec, Austria) and ArmeoSpring (Hocoma, Switzerland). The 
subjects sat in a chair with the arm supported by the ArmeoSpring. We instructed subjects to execute hand 
open/close, supination/pronation, and elbow extension/flexion movements according to cues presented on a 
computer screen, i.e., 6 movement types/classes. In total, 360 trials (60 trials per class) were recorded. We 
removed independent components contaminated with artifacts and down-sampled data to 16 Hz. Subsequently, 
we referenced to a common average reference and applied a 0.3 – 3 Hz 4th order zero-phase Butterworth band-
pass filter to extract the low-frequency signals. Finally, we time-locked the data to the movement onset and 
classified the EEG with a shrinkage regularized linear discriminant analysis. To avoid overfitting we applied a 
10x10-fold cross-validation. Fig. 1 shows the classification accuracies of all subjects and the average. The 
average classification accuracy peaked at 0.0625s after the movement onset with a classification accuracy of 
37%. Classification accuracies were significant above 24% (p=0.05, Bonferroni corrected for multiple time-
points, Adjusted Wald interval). 
Figure 1. Classification accuracies of all 15 subjects. Time point 0s corresponds to the movement onset; thick black line is the average; 
horizontal solid line is the chance level; horizontal dashed line is the significance level.
Discussion: We have shown that low-frequency time domain signals can be used to discriminate between 
different movements of the same upper limb. Movement accuracies peak after the movement onset but reach 
significantly high classification accuracies before the movement onset. This shows that upcoming movements 
can be classified from the movement planning phase. This is crucial for a BCI applicable for end users with SCI 
who cannot execute all movements anymore. However, the classification accuracies are rather low and further 
studies have to investigate whether user training improves classification accuracies. 
Significance: Low-frequency time-domain signals contain information about upcoming movements and may 
serve as a control signals for future neuroprostheses. This would allow more degrees-of-freedom and a more 
natural control. 
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